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SUMMARY

A great many reasons have been put forth in attempting to explain the dramatic
reduction in highway fatalities ohserved to have begun in January 1974, the
official date of the imposition of the 55 mph National Maximum Speed Limit
(NMSL). The traffic safety literature contains a wide range of conflicting
views as to the causal factors and magnitudes of these reductions in highway
fatalities. These views range from the entire reduction to half of the reduction
in highway fatalities being attributable to the lower speeds. A recent National
Safety Council report 1/ claims that "reduced speeds still are a major factor

in keeping down the death total, accounting for 44 percent of the difference
batween actual and expected totals for 1977. In numerical terms, theres would
have heen 5,550 additional deaths in 1977, if there had been no 55 mph laws,

and consequently no reduced speeds.”

The following report contains an analysis of the life saving benefits resulting
from the 55 mph NMSL from 1974-1979. Monthly fatality data from 1970-1979

was used in a time series model to arrive at the estimated safety benefits

(1iyes saved). The time series model relates changes in monthly fatalities

to changes in monthly vehicle miles traveled, introduction of safety improvements
and the implementation of the 55 mph NMSL law.

Increases in highway fatalities in 1976-1979 compared to the 1974-1975 level

led to a detailed examination and analysis of the composition of these fatalities
tn order to determine possible causes for the increases. Based upon the
available data, it was concluded that 55 mph compliance had eroded somewhat

in 1977 and 1978 thus resulting in some fatality increases.

The statistical time series model estimated annuwal 1ife saving benefits as
follows:

LIVES SAVED
1974 7,532
1475 7,532
1976 7,216
14977 6,794
R
TOTAL AT,551
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THE EFFECTIVENESS OF THE
S5 MPH NATIONMAL MAXIMUM SPEED LIMIT
A5 A LIFE SAVING BENEFIT

Intrmj._mt‘iun

Six years have elapsed since the passage of the 55 mph NMSL. A large number
of studies regarding both the fuel saving and safety benefits of this law
hayve been published, A review of the traffic safety literature reveals (1) a
great variation in the estimated safety benefits of the 55 mph NMSL, and

(?) a lack of national level evaluations covering the total period since
implementation.

The Mational Highway Traffic Safety Administration (MHTSA) strongly supports

the 55 mph NMSL and believes that it is one of the most effective countermeasures
to have been used in reducing highway fatalities. In a memorandum by Joan Claybrook,
NHTSA Administrator, dated July &, 1977, life savings resulting from the

55 mph NM3L were estimated to be between 4,000 and 5,000 per year based upon
analyses up to that time. In October 1979, an NHTSA/FHWA Task Force was
established to review all previous studies of the safety benefits of the

55 mph NMSL and develop a technical report indicating a consensus of the

safety benefits. Due to the lack of valid updated studies, and differences

of opinfon among task force members, only a survey report containing a range

of life saving estimates was released. It is strongly felt by the authors

of this paper, that the safety benefits of the 55 mph NMSL have been ynderesti-
mateElr and it is the purpose of this paper to present the authors' views and
conclusions,

The Nature of Speed

Any analysis of the effectiveness of a national speed reduction program such
as the 55 mph MM5L should be accompanied by a discussion of the nature of
speed and why one should expect reductions in fatalities and serious injuries
resulting from a reduction in speed.

The traffic safety literature is replete with statistical analyses of the
effect of speed and speed changes on accidents and injuries. A most widely
cited study conducted by Solomon 2/ indicates that:

a Accident severity increased as speed increased, especially at speeds
exceeding 60 mph.

o The fatality rate was highest at very high speeds and lowest at
about the average speed.

] The accident involvement rate and the injury and property damage
rates were highest at very low speeds, lowest at about the average
speed of all traffic and increased at the very high speeds, particularly
at night. Thus, the greater the variztion in speed of any vehicle
from the average speed of all traffic, the greater its chances
of being involved in an accident.



Jne can conclude that as speed increases from the average spesd, accident
involvement rates and severity of injuries increase. Why does this occur?
What factors in the speed/safety relationship cause these eévents to take
place? The simplest element of the speed/safety relationship which can be
isolated is the concept of the dissipation of kinetic energy resulting from
an accident. Energy 5 calculated using the vehicle mass, a constant and
the soeed of the vehicle, a variable under the control of the driver,
Wadsworth 3/ defines a motor vehicle accident as an unwanted rate of exchange
of kinetic enerqy given by the following formula:

Kinetic Energy = & Mass x f?eln:ity}z

Bny increase in speed [velocity) increases the kinetic eneroy to be dissipated
by the sguare of that velocity rather than the wvelocity itself. For example,
a 20 percent increase in speed from 50 to 60 mph will result in a 44 percent
increase in kinetic energy to be dissipated, thereby increasing the severity
of accidents and associated injuries.

For any given instant of time, traffic flow on a segment of road can be describ-
ad by at least two important statistical measures: the mean or average speed
and variation in speed, usually expressed by the standard deviation of the

speed distribution. Solomon showed empirically that the greater the variation
in speed from the average speed of all traffic, the greater the chance of

being involved in an accident, hence a higher accident involvement rate.

R. Michaels 4/ showed that both accident involvement rates as well as injury

and fatality rates vary directly with changes in the standard deviation of
travel speeds. As one approaches the average speed, the accident involvement
rates are minimized.

£. Hauver 5/ concluded that there is a very strong correlation between Sclomon's
frnvaolvement rate curves and the number of passive and active overtakings

by passing and passed wvehicles. Based upon a mathematical formulation, he
concludes that the number of overtakings 15 minimal when vehicles travel

at the median speed®*, As a vehicle departs from the median speed in either
direction, it is efther overtaken by or it overtakes other vehicles. The

greater the departure, the greater the number of overtakings. The most impor-
tant consideration however, is that overtakings vary directly with the magnitude
of the dayiations from the median speed, which in turn leads to vehicle conflicts
resulting in increased accident involvement rates.

Empirically, there iz very strong evidence that as the average speed decreases,
a corresponding decrease in the standard deviation is noted, Im an analysis
conducted by Cerelli 6/, a reduction in the standard deviation of vehicle
speeds was noted on aTl major rural highway systems after the 55 mph MMSL

was imposed. This was accomplished by greatly reducing the number of vehicles
traveling at higher speeds thereby compressing speeds toward a lower average
speed. Although there is no analytic or theoretical basis for predicting

the reduction in speed variation resulting from a reduction in average speed,

* The median speed 75 defined as that speed at which half of the drivers
are traveling above and half are traveling below.



it can be shown empirically that the resulting compression of higher speeds
results in a smaller standard deviation and hence less dispersion among the
individual vehicle speeds. Less speed variation in turn results in a smaller
number of overtakings which decreases the probabilities of crash invalvement,

In summary, based upon the evidence, it can be argued that lower, uniform
speeds, acceptable to the public and properly enforced, produce lower accident
invalvement rates. In addition, lower speeds also result in less severe
injuries in the event of an accident.

A National Experiment

Since the imposition of the 55 mph NMSL, the motor vehicle driving public

has had six vears to modify its driving behavior in keeping with the letter
or spirit of the 55 mph NMSL. If any modification of this behavior has taken
place, it should be evident in the accident statistics collected during this
time frame. Based upon the previous speed discussion, one should expect

to observe mational reductions in accidents, fatalities and injuries on those
roads affected by the 55 mph MMSL, along with reductions in speed.

One can view this as a simple pre/post experiment comparing accident statistics
before and after the imposition of the law for significant changes in accident
ieyels, However, many events took place during the six year period which
precludes one from performing a simplistic amalysis of speed reduction effective-
ness. Specifically, highway, vehicle and driver improvements are continually
being introduced in small increments and must be accounted for. Sufficiently
large changes in the amount of travel as measured by wehicle miles traveled
{VMT) have taken place over the period to be considered an important factor.
From 1970-1979, VMT increased over 33.5% (from 11,181 to 14,931 hundred million
miles)., From 1976 on, over half of the States repealed their mandatory motor-
cvcle helmet laws resulting in a decrease in helmet use and an increase in

the freaquency of fatal head injuries 7/. The mix of vehicle size has been
steadily changing from the larger full size cars down to the compact and
sub-compact sizes thereby increasing the potential for increased severity

of injury. Smaller cars offer less protection in that the kinetic energy
dissipation takes place over a smaller surface. Therefore, greater collapse
and higher injury severity can be expected. Also, some analysts claim that
the recession of 1975 has had significant impact in reducing fatalities during
this period 8/. In addition to these confounding factors, accident data is

not available for 55 mph versus non-55 mph roads during the pre and post
evaluation periods.

Evaluation Approach

A statistical approach using time series analysis 9/ was selected to derive

an impact estimate of the 55 mph NMSL as a 1ife saving benefit. The period
cavered is the 1970 through 1979 time frame using national monthly fatalities

as the impact measure. The approach taken is to evaluate the baseline fatality
Tevel (non-55 mph period) for 1970 through 1973 and compare it to the 1974
through 1979 fatality level (55 mph period) considering the confounding factors
previously mentioned, The ultimate result will be the development of a statisti-
cal evaluation model which contains all of the factors considered to signifi-



cantly affect fatalities for the ten year period 1970 through 1979 to determine
the steady state or average chanmce attributable to the 55 mph WMSL. Further
detailed analysis will be performed on the 1975 through 1979 data to adjust

the steady state change due to the change in the degree of 55 mph noncompliance
which may have taken place during this time frame,

The statistical model consists of a mathematical relationship which expresses
the degree to which the safety index, vehicle miles traveled (a measure of

the volume of travel activity) and the presence of the reduced speed limit,
affects monthly fatalities during the nine year period from January 1970
-December 1979, A least sguares statistical technigue known as Box-Tiao
Intervention Analysis 10/ was utilized for the multivariate analysis to minimize
the varfiation between The model and actual data. The mathematical expression
known as the transfer function relates the time series YMT, speed, and safety
index to fatalities.

One of the problems associated with the analysis of time series accident

data (data collected over equal time intervals) is that the data tends to

be dependent. This means that each point could be correlated with previous
data points. For example, seasonality and trends in the data represent depen-
dence or autocorrelation. In the case of 1Z-month seasonality, each data

pofnt is related to a data point occurring 12 months previously. High and

low accident volumes occur during various months of the year, which cause

a seasonal pattern. Trends also represent dependence and autocorrelation

in that the data points in an upward trend for each month are generally numeri-
cally larger than the previous month. Therefore, each month's accidents

can be expressed as a function of the previous month's accidents. Data depen-
dence or autocorrelation must be accounted for before any meaningful analysis
can be conducted., The Box-Jenkfns Time Series Analyses 9/ approach has been
used to determine the time series parameters and the transfer function estimates.

This technique is a generalization of the linear rearession model:
Yy = I:'-.'l * I:'15':1 ¥ &

where the basic assumption that the covariance (e,,e;) = 0 for i#i represents
a severe constraint for application to traffic ac11dint data due to factors

such as seasonality. The Rox-Jenkins technigue relies heavily on the autocorre-
lation function (ACF) for the identification of the correlation {normalized
covarfance) structure; and permits the parsimonious use of time series parameters
to account for this dependence. Parsimony is the practice of using the least
possible number of parameters for adeguate representation.

Design Approach

An ideal design approach for the evaluation model would produce a measure

of the change in the fatal and injury accident levels before vs. after the
imposition of the 55 mph NMSL on two sets of roads: those roads whose speed
limits were reduced to 55 mph versus those roads whose speed limit remained
unchanged, for the period 1970 through 1979. A comparfson of the changes

in level would then lead one to conclude whether the 55 mph WMSL was an effec-
tive life saving countermeasure. Since this design must be treated as a



quasi-experimental design. i.e., one in which the sampling units being measurad
arg mit selected at random, a multiple time seriegs desian is most suited

for contrnlling against all threats to internal validity 11/. In a multiple
time series design, two or more time series are examined hefore and after

come intervention point [imposition of the 55 mph NMSL) to determine if a
change ir trend or a change in the level of fatalities has occurred fn the
axaerimental time series without a corresponding change in a comparison series,
If to, rne car then conclude with some statistical confidence that the chanage
wat due to tne intervention effect, provided the intervention was the only
effect heaimning in 1974 and continuing through the entire time period,

Thiz approach has been successfully applied to the analysis of State fatalitw
data, where the data could be segregated by posted speed limit 12,13/
However, ir this case, since fatalities could not he separated By posted
cpeed Timit rpad, total fatalities were uwsed as the impact measure. The
ascumption is that if any impact resulted from the imposition of the 55 mph
HMSL, “t would oe reflected as a change in the level of fatalities nom &5
mpk pnsted roads which are embedded in total fatalitfes. In addition, due
to the lack of monthly injury accident data, it was not possible to measure
the effect of the 55 mph NMSL on the injury accident level.

_t;-:u!u'._im of the 55 MPH Evaluation Model

I'n the development of a statistical model, an impact measure is selected
which reflacts the uwltimate measure of the process nr swvstem being evaluated.
Input measures or explanatory variables are selected which lngically affect
the impact measure. The statistical amalysis generates the relationships
between the explanatory variables and the impact measure. The goal is to
explain as mzk of the variation in the impact measure using the least number
of logically related explanatory variables.

The purpose of this part of the analysis was to derive an evaluation model

which yields an estimate of the 1ife saving benefits attributable to the

55 mph NM5L. The fipal model should relate fatalities to factors affecting
fatalities over time, The first step in the process was to develop a univari-
ate model for fatalities which is based solely on its own past history.

The wnivariate model can only be used to forecast future activity based entirely
on the past; it cannot relate the effect of one variable to another. However,
the analyst gains a better understanding of the time series characteristics

of feta'ities from the decomposition of the raw data, Figure 1 s a araph

of monthiy fatalities with its 12 month moving average.

-5



FIGURE 1

U. S5. Total Fatalities
J0-Day Definition
With 12 Month Maoving Avearage
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Two observations are immediately evident:

o The series is domimated by a distinct seasonal pattern [annual
cycle], and

o There was an unusuadlly large drop in fatalities between 1973 and
1974,

In addition, the years 1974-1976 were at approximately the same level, with
upward growth during 1977-1978, and a leveling off of fatalities in 1979,
Figure 2 is a graph of the autocorrelation function (ACF) of raw fatalities.



FIGURE 2

Graph Of Autocorralation Function Of Fatalities
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The nondecaying sinusoidal wave pattern, with a period of 12 time lags (months)
is characteristic of the seasonal pattern evident in Figure 1. The series

is monstationary* in that there appears to be a sustained high correlation
with previous observations at, for example, 12 month intervals (i.e., observa-
tions at time period t are correlated with time periods t-12, t-24, t-35,
etc.). This nonstationarity was eliminated by performing a 12 month seasonal
difference of the fatality data:

12
(1-B7%) ¥y =¥y - e g0 (1)

producing the series depicted in Figure 3 in deviations from the mean.

* Wrere tneé process does not remain in eguilibrium about a constant mean
Tgwel, 1.e., having no natural mean, 9/

s 79



FIGURE 3

U. 5. Total Fatalitias
{12 Month Differenced)
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The seasonal pattern has disappeared from the series, as expected (although
high correlation still exists at lag 12, but not lags 24, 36, etc.). The
large drop in fatalities that occurred between 1973-1974 is manifested as
large negative deviations for the differenced data '74-'73.

The leveling off of fatalities during 1975-1976 1s evidenced by the next
two years of data, and the growth during 1977-1978 is represented by the
high concentration of positive deviations during '77-'76 and '78-'77. The
autocorrelation fumction of the seasonally differenced series appears fn

Figure 4.



FIGURE 4

Graph Of Autocorrelation Function Of (1-8")y,
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This slowly decaying ACF, which indicates a high degree of serial correlation,
results mostly from the large negative deviations during '74-'73, and suggests
a change in 'evel in this series. This can be accounted for in either one

of two ways:
(1} a regular difference of the already seasonally differenced series; or
(2) through the introduction of exogenous (external) variables in the
form of a multivariate analysis.
For the univariate analysis, a regular difference

{I-B} 'I"t = Tt el ft‘l

wag taken producing the series in Figure 5
12
(1-B)(1-B"%) ?t . ?t - Ttﬂl - ¥t-12 + ¥t-13 (2)



FIGURE 5

U. S. Total Fatalities
(72 AMonth And Regular Differencing)
Zy- Tpg- Zo12 + Te13
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The series no longer exhibits concentrations of large negative and positive
deviations. Stationarity has been achieved by appropriate differencing,
this being supported by the ACF in Figure 6.

FIGURE &

Graph Of Autocorrelation Function (1-8)(1-8")¥,
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Significant correlations (spikes) appear at lags 1 and 12, but in general,
the ACF is zero elsewhere, with no discernible pattern. At this peint, a
tentative model was postulated which accounted for the spikes at time periods
1 and 12.

(1-8)(1-8%2) v, = (1-9,8)(1-0,, 8%2) 4, (3)

where @; = moving average parameter of order 1

Marmally and independently distributed er-ors NID fﬂ,fzﬁ,
referred to as white noise.

B

Using a least squares procedure, the parameters of the mode] were estimated

as follows: 12 12
{1-BY(1-B ”t = (1-.46B)(1-.86B"") a (4)
(.09) (.03)

The numbers in parentheses below (or above) the equation represent standard
errars of the estimate. This convention will be used throuwghout the paper.
Diagnostic checks applied to the residual series revealed no model inadequacies,
thus this was the finmal univariate model for monthly fatalities.

In the next phase of model development, an explanatory varfable for the effect
of the 55 mph NMSL was introduced as an intervention variable in the form of
zeros and omes to represent the absence or presence of the 55 mph NMSL respectively.
The purpose of the intervention variable was to detect efther a change in
trend or a change in level of fatalities occurring from November 1973 through
December 1979, The effect of this intervention variable (SPEED) contains

the sum total of all of the effects associated with the implementation of

the 55 mph NMSL, T.e.. the effect due to enforcement, public informationm

and education, etc., and not solely the effect of posted speed Timit sians.
The months in which the 55 mph speed 1imit became effective in each 5tate

can be seen in Table 1 14/.

=]l=



November 1973
Connecticut
Delaware
Hawail
Massachusetts
New Jersey
New York
Oregon

Rhode Island
Varmont
Washington

February 1974
CoTorado
Georgia
Kentucky
Louisiana
South Carolina

TABLE 1

Months in Which 55-MPH Speed Limit
Became Effective in the 50 States

December 1973
aska

Florida

Mar yland

New Hampshire
North Carolina
North Dakota
Pennsylvania
Virginia

West Virginia

March 1974
ATabama
IMlinois
Indiana
Towa

Kansas
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
New Mexico
Ohio

Ok 1ahoma
South Dakota
Tennessee
Wyoming

January 1974
ArTzona
Arkans as
California
Idaho

Mafine
Nevada
Texas

Utah
Wisconsin

As can been seen, not all 5tates reduced their maximum speed 1imits to 55

mph in the same month.

date of intervention nationally.
function characterized by:

Ky = 0, t € MHovember 1973
1, t 2 November 1973

Therefore, November 1973 was selected as the first

The dummy variable SPEED (X,) is a step

Since the ultimate goal of the analysis was to relate the interventfon variable
to fatalities and since the fatality series must be seasonally differenced

X
th’ induce stationarity, the following mode] was hypothesized:

=17-



(1-8%) v, = (1-88) 0, +n (5)

where : ‘I',E fatalities in month t

[=+}
nsr
L)

e

]

seasonal differencing

impact of 55 mph NMSL

-

55 mph intervention variable

F3
ﬁ
W

delay time before impact is felt

" noise series, of the form used in the univariate model
for time series characteristics (ARIMA].

Equation (5) can be rewritten as:
= . 12 =
Yo o= w, Xop * Ny where (1-B77) Hy = M.
Figure 7 is a graph of [l-EIE} :l:t, expressed in deviations from the mean.
FIGURE 7

Intervention Variable Speed
{12 Month Differenced Series)
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A comparison of Figure 7 with Figure 3, {J-HIE} Y,. supports the appropriate-
ness of X, in explaining at least some of the chl;ges that occurred between
1973-1974. The first step in the model building process is the identification
of the form of the transfer function, which encompasses functions with step
changes (v(B) = w{B]) as well as ?radually increasing effects (viB) = w{B)/

(B)), accounting for any possible delay time (t-b) between activity and
effect. The crosscorrelation function (CCF) is used for transfer function
mode] identification. The CCF exhibited a statistically significant negative
spike at lag O (Novemher 1973) and mothina elsewhere, The model form hypothesized
contained just an w_ term to account for a step change in fatalities. After
inspection of the APF of the noise series (n, = ?t - W, I,]. a tentative
model was proposed with the following nst1maies:

(104.85) E.]D}[.11}E{.1ﬂ]3 L]ﬂ}lE
Y, =-687.41 X, + (1+.448+.338"+.318") (1-.508"") a, (6)

(1-8) (1-812)

Diagnostic checks of the residuals indicated no model inadequacies. The
85 mph NMSL law is estimated tn have forestalled an average of 687.41 fatalities
per month between November 1973 - December 1979.

There can be no doubt that equation (6) consisting of ome intervention and
the noise series is a simplistic representation of fatalities from 1970-1979.
Howaver is the model a valid representation of what actually occurred? To
answer this question, consider the "process" which generates fatalitfes.
During the period 1970-1973, fatalities were in a state of equilibrium (orowing
at an average rate of 700 fatalities per year, or 1.33%). In November 1973,
the process was "shocked™ by some intervention resultina in a change to a
new but lower level. During 1974-1976, fatalities remained at this lower
level in a state of eguilibrium (45,196 -- 44 525 -- 45,523). Therefore,
regardless of the factors influencing fatalities, such as increased exposure
due to increased vehicle miles traveled and the increase in relative safety,
the process was transformed from one state of equilibrium to another, but

at a much Tower level.

The model reprecented by equation () does not reflect changes in exposure
levels as measured by vehicle miles traveled (VMT) nor does it directly account
for the effect of the fuel shortage of 1973-1974. S5ince different regions

of the country experienced fuel shortages at different time perfods with
varying degrees, explicit model representation was considered unlikely.
However, it was felt that the introduction of the YMT variable in the model
would account for changes in exprsure nationally, includina the changes result-
ing from the fuel shortage. WMT data is generated by the States using motor
vehicle gasoline revenue and consumption data and then supplied to the Federal
Highway Administration (FHWA). Although not a1l States fo''~w a uniform
procedure in deriving these estimates, the data s assumeu w 22 consiste-t
between years.

-14-



Therafore, in order to account for the fuel shortage and exposure (travel)
a new model was hypothesized of the form:

'I|r.!=H'l ¥t+HErt+nt {?]
where V, = vehicles miles traveled (x10%)
Monthly vehicle miles traveled (VMT) is plotted in Figure B.
FIGURE B

U. 5. Vahicla Milas Traveled
With 12 Month Moving Average
{FHWA-Traffic Volume Trends-Table 54)
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With the exception of 1974 and 1979, the series is increasing over time.
Inspection of the autocorrelation function (ACF) suggested the need for a
seasonal (12 month) difference as depicted in Figure 9,

=15-



U. S. Total VMT

F IGURE

9

{12 Month Differsnced Series)
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The large negative deviations occurring during the differenced periods of

1974 and 1979 indicate the reductions in travel during these years,
1575 NHTSA Technical Report 6/ makes the following observations on the change

in WMT during 1973-1974,

TABLE

2

An August

PERCENT CHANGE IN INDIVIDUAL MONTHLY TRAVEL 1974 vs. 1973
Jan Feb Mar Apr May Jun Jul Aug_ Sept Oct Mov  Dec
1in Rural -6.6| -9.6| -9.0| -5.7| -3.6 -3.2| -1.5| -1.4| -2.7| -1.4| -2.9| 6.9
wal Rural| -3.8(-5.1| -4.0| -2.4| -1.3| -1.4| -0.1| -1.0| -0.8| 0.6] -1.0] 4.2
“ban -2.9|-8.4| -7.7| -4.2| -2.9| -2.4| -1.0]| 0.8] -1.3]| -1.1| -0.6] 4.4
‘1 Systems | -4.2| -B.5| -7.7 | -4.5] -3.0| -2.6| =1.1| =1.1| =-1.8| -1.0| -1.4] 5.2
|
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PERCENT CHANGE IN CUMULATIVE MONTHLY TRAVEL 1974 vs. 1973

Jan _Feb Mar Apr May Jun Jul Aug Sept Oct WNov  Dec
Main Rural -6.6|-8.1| -8.4) -7.7| -6.7| -6.0| -5.3| -4.7| -4.5| -4.2 | -4.1| -3.3
Local Rural| -3.8| -4.4)-4.3|-3.7|-3.2|-2.B|-2.4| -2.2| -2.0| -1.8] -1.7| -1.3
Urban -2.9] -5.6| -6.3| -5.8| -5.1| -4.7| -4.1| -3.7| -3.4| -3.2| -3.0| -2.4
A1l Systems | -4.2]|-6.3|-6.8| -6.2 | -5.5]| -4.9| -4.3| -3.9| -3.6 -3.4| -3.2| -2.6

“The basic facts depicted in these tables are:

(1) Reductiomn in travel, which started in July 1973, continued through November
1974, and averaged 2.6 percent for the year.

(2) The reduction was oreater in main rural than in urban and local rural
areas.

[3) The reductinn was more severe during the months of January through March,
with a peak in February of 8.5 percent.”

It is also worth noting the similarity between the seasonally differenced
VMT series and the seasonally differenced fatality series during '74-'73.
{(Figures 3 and 9)

The final univariate model derived from the YMT series was:
(1-8)(1-812) v, = (1-.108) (1-.238'7) a, (8)

The use of VMT as an independent variable appears justified both from an
exposure point of view and ability to account for fuel shortages. This was
further supported when the crosscorrelation with fatalities which yielded

a statistically significant spike at lag zero of .46 (approximate standard
error of .11). A transfer function/intervention model using fatalities as
a function of VMT and SPEED, is depicted in eguation (9):

(.46)  (84.50) (.11)(.21) (.10) (.09
Y, = 2.81 v, - 865.74 %, + (1+.308+.228%+.2887)(1-.6181%)a, (9)
(1-8'2)

=] 7=



The estimate of lives saved due to the 55 mph NMSL rose from 687 (equation
B)) to BBE. A close investigation of the implications of this model will
explain how this change came about. Equation (9) explains fatalities as a
function of vehicle miles traveled, an intervention variable for speed limit
and time series characteristics. As mentioned earlier, VMT is a predominantly
increasing series., Thus the implication is that fatalities should also be
increasing due to increased exposure, This is graphically portrayed in Figure
10, » forecast of fatalities as a function of VMT only.

FIGURE 10

Forecast Of Fatalities As A Function OFf VMT

TRES. 745

50E5.372 | r“

2615000

T 197y | 1972 | 1873 | 1974 | e7s | 1978 |

The coefficient (2.41) for VMT in equation (9) can be considered as a fatality
rate for the 1970-79 time period. For every change of 100 million vehicle
miles traveled on the average a change of 2.41 fatalities can be expacted.
However, because this fatality rate is calculated as a constant, it does

not consider the declining fatality rate that actually occurred and therefo:ce,
overstated the number of fatalities due to exposure or YMT. The speed Timit
dummy variable operates in a decrimenting manner such that the greater the
number of fatalities generated by the constant fatality rate, the greater

the negative effect would be evidenced by the speed 1imit dummy variable.

As a result of the VMT constant, a higher negative coefficient was calculated
to counteract the overstated expected fatalities due to increasing VMT which
led to an overstatement of 55 mph NMSL impact.

This observation led to the conclusion that the model with both VYMT and SPEED
was not adequate in explaining the behavior of fatalities.

fz a result of the establishment of the U.5. Department of Transportationm,
automotive safety standards, driver education and training programs, highway
design and construction improvements have had a very positive impact on the
gquality of travel in terms of safety. When one observes a steadily declinina
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fatality rate (fatalities/100 million VMT) since 1968, it is reasonable to
conclude that the introduction of these factors has contributed to this decline.
A third variable was introduced to account for the differential changes hetween
VMT and fatalities. This variable represents a measure of safety. An increase
in VMT, accompanied by no change in fatalities will cause a reduction in

the fatality rate per hundred million VMT, i.e., an increase in safety,

Figure 11 15 a graph of VMT and fatalities, indexed with 1967 as the base.

Figure 11

Fatalities and Vehicle Miles Traveled
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The shaded area from 1967 through 1973 represents the growth inm VMT aver

and above the growth in fatalitfes, i.e., fatalities forestalled due to an
increase 1m relative safety on the nation's roads (lower probability of a
fatality per given YMT). Im 1974, the Targe reduction in fatalities occurred
independent from the increased safety on the roads. To illustrate this point,
a fatality index projection is shown in Figure 11. 1t should be noted that
the area between the VMT index and the fatality projection index (safety)

was s5ti11 increasing through the late 1970's, Critics of the 55 mph NMSL

have proposed that up to 50% of the fatality reduction in 1974 should be
attributed to increased safety in the areas of motor wvehicle and highway
improvements. This does not follow from Figure 11. Figure 11 seems to suggest
that most if mot all of the reduction in fatalities beginning in 1974 ihuu?ﬂ
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be attributed to reduced exposure (VMT) in 1974 and the 55 mph NMSL., In
addition the safety effect was still increasing. In order to account for

this safety effect, a third independent variable in the form of the fatality
rate was introduced. A major problem with using the fatality rate as a SAFETY
INDEX was that it also included a change to a lower level, presumably caused

by the 55 mph NMSL.
FIGLRE 12

Fatafity Rate
Par Hundred Million VMT
{With 12 AMonth Moving Avarsgs)

5

= 1970 | 1871 [ 1972 11aral 1974 | va7s | a6 | 1977 | 1878 | 1879 |

This change in level and an interruption of the smooth downward trend of

the fatality rate can be seen in Figure 12. The 12 month differenced series
is depicted in Figure 13, with the now familiar pattern of negative deviations
during '74-"73.
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FIGURE 13

U. 5. Fatakity Rate
{ Seazonally Diffarenced)
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This was presumed to result from to the 55 mph NMSL, since the series has
already been normalized for exposure (mileage). An intervention model was
developed for the fatality rate/speed limit relationship, to determine the
necessary adjustment to be made for the change in level due to SPEED.

The reduction in the fatality rate in 1974, beyond the expected trend, was
estimated to be .575. This estimate (.575) was added to each observation

in the fatality rate serfies beginning in November 1973, to arrive at an adjusted
fatality rate called SAFETY for the total period 1970-1979.
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FIGURE 14

Comparison OF Fatality Rate
Par 100 Million VMT And Safety Index
With 12 Month Moving Average
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the adjusted safety index projecting what would have occurred

had there been no 55 mph NMSL. This series was used in the final evaluation
model, to offset the growth in WMT. A schematic of the traffic safety system
is presented in Figure 15.

FIGURE 15

Fatality System
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VMT and SAFETY operate in opposite directions in order to determine the fatality
level.

The final evaluation model, :umhinin? fata1ities as a function of VMT, SAFETY
and SPEED was estimated with the following results:

(.13) (17.47) (15.71) (.ll}f.ll} {. 1013 (. ﬂﬂ]iz
Tt = 3.52Ht + lﬂﬁﬂ.?ﬂﬁt - EE?.EEIt+ {1+.4EE+.?!E +.238 l{li 178 ny (10)
(1-8'%)

Thus, the steady state estimate of life savings attributed to the 55 mph

NMSL is 627.65 per month (7,532 per year) for 1974-1979. The estimate for

55 mph impact has been reduced to the magnitude of the estimate found in
equation (6), the SPEED only model. The necessity of adjusting the estimate

of 55 mph impact comes from the fact that this estimate (-627.65) represents

a steady state average over the total period rather than a specific estimate

for each year. In order to reflect the dynamics of traffic safety, the steady
state estimate was adjusted in order to account for variability in noncompliance
between years. The analysis which follows uses fatalities by speeding involve-
ment for the years 1975-1979 to adjust this steady state estimate. MNote

nlig Egut the coefficient of VMT has increased to the more conventional magnitude
n Ll ]

Indications of Moncompliance with the 55 MPH Speed Limit

A review of the fatalities in Figure 6, shows that there has been an increase

in 1977-1979 compared to the 1974 through 1976 level. Many changes in the

traffic safety level occurred during the 1977-1979 time frame including increasing
noncompliance with the 55 mph NMSL, This section will address these issues

in order to obtain the true effect of the 55 mph NMSL during 1976-1979.

An analysis of fatalities was conducted using data from the Fatal Accident
Reporting System (FARS) in an effort to adjust the steady state estimates

for the effect of the 55 mph NMSL derived in the previous section evaluation
model. The reporting of the variable posted speed 1imit was not 100% complete
as can be seen in Table 3.

TABLE 3

% Percent Reporting of Posted Speed Limit ; FARS

ol

B KNOWMN URKNOWN
1975 80.48 19,52
1976 80.42 19,58
1977 84.42 : 15.58
1978 87.73 12.27
1979 88.43 11.57
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It is evident that the percent of known posted speed limit fatalities has
been increasing over the years. For the purpose of this analysis, the unknown
fatalities were redistributed into posted speed limit categories based on
the distribution of the BO-B8 percent known fatalities resulting in a two-

by-two table.

The determination of speeding involvement in a fatality presented somewhat
of a different problem. The selection process was based upon three data
elements reported to FARS:

(1) Posted speed limit,
{2) Pre-crash traveling speed, and
(3) Too fast for conditions.*

If the pre-crash traveling speed of any wvehicle in a fatal accident exceeded
the posted speed limit by at least 5 mph, those fatalities were defined to
be speeding involved. 1In the absence of either posted or traveling speed,
too fast for conditions was the determining factor. Tables 2A through 4E
depict the output from the algorithm,

TABLE 4A
FATALITIES V5. POSTED SPEED LIMIT
AND SPEEDING INVOLVEMENT 1975

SPDINVOL PUSTED

FREQUEWL T !

PFERCENT ]

B0 FECT *

Cuk PCT TLESS THA'SSAPH RO'UNENOMM °
ty 5§ TADS ¥ ¥ OTETAL

----------------- mmm

MO SPTEGLNG fwwD ' 97478 ' 12&&0 ! 236 ' 3D29s
T 2%ate P 28,39 ' 4.0 ! &B.0s
L Jr.a% VP L1.T72 ' FD.S5AR R
ToaPLRY ' sbe1P ' TV.TS B

----------------- B T T e L LT Ty

SPEEBINME TMWOLWE * Sy 7 ¥ a4 59 ! 2655 ' ta2W
LA I I B T B .51 ! 1.9
PR3 T ASL3ROY O ATL2S !
v V. tF r 3R.B82 ' ZHL23 Y

----------------- B e e e o o

1oTaL 16735 190%% BeR k5SS

AT.59 Li.o0 19.52 100.00

* Toc fast for conditions 1s driver factor 44 in FARS.
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TABLE 48
FATALITIES V5. POSTED SPEED LIMIT
AND SPEEDING INVOLYEMENT 1976

SPpImvOL FOSTER
FREGUENCT |
FERLCEMT ?
BDw FLCT ¥
CoL PLY "LESS THAIISMPH BO'UNEHOWN !
"m 44 faps ! ! TovTaL
----------------- fesssssssjosssascsssfjessssasss=§

12755 &328 ! Somr

FE IR | 2d.02 1590 ! @&T.TOD
r.Da &1. 3% 20.5%% !
M0t
- -

SPLEDING IwWVOLWE Y584 ' YaT0e
Jakl ! E2LAD
1757 !
L Mt 1 Jeudd ' ZH.PF !
S e o
-3 T 1Fie 19450 [ 1A F 45521
5T TL hZ.T3 19.50 100.00

1
1
]
of: %8 1 (3T
1]
L]
1

]
¥
I
]
]
L]
]
I
S e W e

TABLE 4C
FATALITIES ¥5. POSTED SPEED LIMIT
AND SPEEDING INVOLVEMENT 1977

SPDINVOL FOSTED
FREQUENET !
PERCENMT '
ROW PLT "
EDL LT ILFSS THA'S5APH RO"UNENOWE !
'm 33 faps t i TOTAL
----------------- R N L LT T T T

#
12530 & 14284 ! S220 ' 320N
2a 17 ' I9.8% ' 10.%0 ! &e.91
Jo.1% ! 4k ' 18,30 0
ab.65 ! S6.0T ' af.99 !

!
L
¥
L
i ]
[
L]
"

MO SPLEDING LNWD

SPLEDLNG ImvVOLWE ey ! FRaF ¢ dE%8 F Th8es
1%.09 ¢ 1552 ¢ A&7 ' 33.09

19:.37 ! GbaL3T ' 14,13 °

"%, %% ! 33.e% F 3D.00 B

rrmEEmr e e SR -
TOTAL 1579w FALTA Tasa LTRTH
Je. 28 518 1558 100 .00
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TABLE 4D
FATALITIES V5. POSTED SPEED LIMIT
AND SPEEDING INVOLVEMENT 1578

SPoInvYOL POSTED
FRESUENCT ¥
FENCENT 1
rOw PLT |
oL PCT PLESS THAYSSAPE NO'UNENDWN ©
'm A% 111 ! ! TOTAL

[P ——————————— T T e Y e T T ¢ T

WO SPELOLINE Lwwd * Q3F93 ¢ 1598T ! £2%8 ¥ 3aD3T
TORT.AD Y ¥N.Ta ek ! @781
*oaD.S2 ! de.eT D 12.01 0
TOET.PY ! BTS00 ' aBuPT I

-

SPEERING ImwOLwE * 570 * TaaT ! 1994 ! 1829}
for2.%3 ' 15.83 ! 3.80 ' 32.3F
LI L P T T D L Y
fok2.0F ' Jd2.%B ' M1.0) !,

----------------- A —— o ———

TOTAL 20302 23054 6174 20330

f. e “T.40 12,37 100.00

TABLE 4E
FATALITIES ¥5. POSTED SPEED LIMIT
AND SPEEDING INVOLVEMENT 1979

PR IRVOL Fostin
FREQUERCY ;
PEECFET i
Bow FLT ¥
toL PLT LESS THA'S5APH RO'UNENOWN !
n 5% 1aD% ! foToTaL

L L L L L L T e T e e

Wm0 SPEEODING 1MwD ¢ T&3Ta ¥ 1%&T2 1 kRT& P BasaD

PR AF F ¥Q.YR 0 B.a% ' &T.54
o T.T1 ' kS ' 12.81 1)
PooaTed¥d ! BE.RT Y T4 Ta
----------------- By il L Lt
LPEERImE TMWOLWE ¥ a9El P a0Bs * TA%0 ! TeSeld
Po13.TD P 15.84% ¢ fe93 1 Bi.kb
'owZL19 F kBT F 900 ¢
OoREL.TY P Wa.0) Y 29,238 0
----------------- o o
10T ki PR T dATET 390% 1023

L1.A7 LT 1 17.57 100.00

Several observations are worth noting:
(1] The percent of speeding involved fatalities for all posted speed
limits has remained relativs"y constant across the years (31.96 --
32.30 -- 33.09 -- 37,37 -- 3Z2.46);

(2] The same is truwe for percent speeding involved within 55 and less
than 55 posted roads; and

(3] The percent unknown posted speed 1imit has been gradually declining.
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The redistribution of unknown posted speed 1imit fatalities yield the following
results in Table 5.

TABLE 5
Fatalities due to speeding involvement by posted speed limit

Non-55 Change 55 Change
1975 6,425 7,806
1976 6,584 +159 8,122 +316
1977 7,300 +716 8,544 +422
1978 7,378 + 78 8,915 +371
19749 7,679 +301 8,884 - 31

Using the estimate for lives saved due to the 55 mph NMSL in formula (10),

627.65, yields an annual reduction of approximately 7,532 lives saved per

year, This estimate can be adjusted by using the fatality changes on 55 mph roads
from Table 5§ for 1976-1979 to arrive at the Eenefits in Table 6 below.

TABLE 6
Lives saved due to 55 mph MMSL
1974 7,532
1975 7,532
1976 7,216
1977 6,794
i it
Tatal AT, 951

It should be noted that no reductions to the 55 mph impact should be made to
account for fatality increases either on roads posted less than 55 mph or
on 55 mph rpads where speading was not & contributing factor. Therefore,
for the six year period 1974-1979, almost 42,000 lives have been saved due
to the slower, more uniform speeds resulting from the 55 mph NMSL.

Analysis of Speed and Speed Changes

Adjustment to mode] estimates for changes in noncompliance were derived by
analyzing changes in speeding fnvolvement in fatal accidents. In ordcr to
corroborate these estimates, speed data was analyzed. When the 55 mph NMSL
was imposed, : effect should have heen reflected in the speed statistics
der ived from.the FHWA speed monitoring system. This system's data was used
to analyze these speed changes gver time. Annual speed certification data
for FY 1968-1979 was obtained. The average speed and 85th percentile speed
for the U.5. were used to determine:

1. If a considerable reduction in speed m:cﬁrred timely to the imposition
of the 55 mph NMSL; and

2. If any changes in speeds can be shown for 1976-1979, coinciding
with changes in fatalities/fatality rate.
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These two determinations, tied to comparable trends in fatalities, injuries,
fatality rates and injury rates serve as a basis for validation of the estimate
of the number of lives saved due to the 55 mph NMSL.

Trends in speed monitoring data for 1968-1979 were used to determine if the
behavior of average speed and B5th percentile speed coincided with the imposi-
tion of the 55 mph NMSL. Speed measuremert data is obtained by FHWA from
the States. For the years 1968-1975 speed data was reported on a FY basis

to FHWA and represented measured speeds for all free flowing vehicles on
main rural roads only. For FY 1976-1979 speed data was reported quarterly

to FHUWA as part of the 55 mph speed 1imit monitoring program. OData for these
years represent measures of speeds of free-flowing vehicles on 'strai?ht.
level segnents of a State's highway svstem having a posted or allowable speed
of 55 mph," 15/ i.e., not restricted to main rural roads. Therefore, the
annual figures were obtaimed for 1976-1979 by averaging the quarterly data
and are somewhat different from the pre-1976 data. Some cautiom should be
taken since pre-1976 data represents speeds on "main rural roads" and post-
1976 data represents speeds on "55 mph highways."

Annual data for 1968-1978 was ochtained for:

average speed

85th percentile speed
total fatalities

total injuries

injury rate

Interstate fatalities
Interstate injuries
Interstate fatality rates
Interstate injury rate

DoOoSooDOo 0o

The rates in Table 7 are fatalities and injuries per 100 million WMT. Data
for fatalities, injuries and rates were obtained from the FHWA publication
"Fatal and Injury Accident Rates" for 1975 16/ and 1976 17/. Data

for 1977-1978 was estimated by FHWA based on trends in fatalities, injuries
and VMT for earlier years.

In order to make the speed data trends comparable to the trends for fatalities
and injuries, indices were calculated using 1973 as the base year (100) to
reflect changes of the pre- and post-period imposition of the 55 mph MMSL.
Table 7 shows the data adjusted to reflect 1973 as the base year along with
the original data.

Based on Table 7 data, the following observations can be made:
o Averzge rpeeds, dai, .70 77 speeds, the LT Fatality rate
and the Interstate fatality rate declined in 1974-15%/0, pegan to
increase in 1977.

o Total fatalities and Interstate fatalities declined in 1974-1975,
began to increase in 1976.
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o Total fatalities, fatality rate, Interstate fatalities, Interstate
fatality rate, and Interstate injury rate exhibited a substantial
drop (greater than ten percent) in 1974 from 1973 levels. The
drop in average speeds was approximately five percent, for B85th
percentile speeds, it was approximately 2 percent.

Table 8 shows the distribution of fatalities by highway systems for 1973-

1977. Inm 1974, the Interstate and Federal Aid Primary systems showed the
largest percent decreases in fatalities from the previous year. These systems
mu?ﬂ be where the 55 mph NMSL would have the most impact. For 1975, all
systems except Federal Aid Secondary and Urban (FAS/U) continued decreases

over the previous year. The increase in fatalities for FAS/U could be attribut-
able in part to the anticipated FHWA highway system realignment 17/ which
reclassified highways using functional criteria (usage characteristics) instead
of administrative criteria (funding characteristics). The Interstate and
Federal Aid Primary systems showed percent increases in fatalities for both
1976 and 1977. The largest percent increase in fatalities in 1977 was on

the highway system almost exclusively 55 mph, i.e., the Interstate system

with a 17 percent increase.
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Year

1978
1977
1976
1975
1974
1973
1972
1971
1970
1969
1968

1978
1977
1976
1975
1974
1973
1972
1971
1970
1969
1968

Average
Speed

56.3
55.9

S2ESLBIRR
e P D LD o O N

92.70
92.21
92.54
95,52
100.00
107 .63
100.50

102.32
100.17

u.s.
Fatalities

51,200
48 ,BOO
46,434
45,500
46,078
55,113
55,704
531,761
531,672
55,032
53,831

92.%0
B8.55
B4.25
B2.56
B83.61
100.00
101.07
97 .55
97,39

97.67

Fatality
Rate

3.9
3.31
3.30
3.42
3.59
4.19
4.40
4.54
4.82
5.16
5.28

B0.91
79.00
78.76
81,62
85.68
100.00
105.01
108.35
115.04
123.15
126.01

.5.
Injuries

3,199,992
3,020,000
2,044 488
2,808,323
2,653,527
2,835 664
2.794.599
2,691,055
2,758,061
E.m |m?
2,127,866

TAME 7

ORTGINAL DATA
Injury Interstate
Patas Fatalities
211.64 3.823
20451 3,694
701.86 3,511
211.25 3,782
206 .67 3,121
215.44 4,947
2720.98 a4 R27
£27.38 4. 651
247 .56 4. 378
¢54.06 4,210
267 .51 3,765
INDICES
USING 1973 AS BASE
98.34 7.3
94.93 74,75
93.70 71.04
97 .06 66.41
95.93 67.24
100.00 100.00
102.57 97.67
105.54 94.11
114.91 A7 .58
117.93 B5.19
124.17 76.18

Interctate
Fatality
Rate

64.19
63.32
60.26
62.45
67 .69
100.00
105.68
113.10
117.47
126 .64
130.13

Interstate
Injuries

166,601
160,610
152,093
141,530
128,352
168,034
166,177
152 875
140,777
131,426
115,762

ENNEEgIENNES

Interstate
Injury
Rate

63.98
61.16
59.82
61.55
60.04
77.99
B81.30
85.09
a7.41
90.56
91.68

B2.04
80.98
16.70
78.92
76.98
100.00
106 .81
109.10
112.08
116.12
117.55

B5th

Percenti]

Speed

95.83
95.21
94.75
98.45
98.45
100.00
112.83
113,14
112.36
107.11
106.49



TABLE 8
Distributions of Fatalities by Highway System, 1973-1977

YEAR HIGHMAY SYSTEM*
Interstate Other FA  FA Secondary Non Year

Primary and Urban FA Totals

1977 4.113 17,276 14,351 13,163 48,903
+17% +7% -3% +10% +5%

1976 3,513 16,226 14,704 11,991 46,434
+7% +7% -5% +4% +2%

1975 3,282 15,243 15,425 11,550 45,500
-1% -4X +5X -6% -1%

1974 3,323 15,792 14,621 12,342 46,078
-33% -22% -10X -10% -16%

1973 4,942 20,264 16,253 13,654 55,113
??STEH]TDW!LS 19,173 84,801 75,354 62,700 242,028

S=yr.

*Each cell aives number of fatalities and percent change from previous year.

The distributions of fatalities by highway system were analyzed using the
chi square test statistic 18/. The calculated chi square value with 12 degrees
of freedom was 527.7. The magnitude of the calculated value, which is statisti-
cally significant, 15 due in part to the magnitude of the values in the table.
However, by observing the largest contributions to the chi square value,
ig can be seen where the greatest differences in the fatality distributions

.

For the highway systems, the Interstate and FAS/U fatalities made the largest
contributions to the chi square statistic., This was due to 1973 Interstate
fatalities being much greater than following years. The contribution from
FAS/U is due to the increase in fatalities for 1975 over 1974, again, probably
attributable to the system realignment. For the year totals, the largest
contributions to the chi square value were for 1975, which had the lowest
fatality total of the five years, and for 1973, the highest fatality total

for the five years.

This comparison of the fatality distributions by highway system demonstrates

that baginning with 1974 there was a considerable drop in the fatality level.

In addition, the greatest reductions in fatalities for 1974 occurred on those
highway systems which would be most impacted by the 55 mph NMSL -- the Interstate
and other Federal Afd Primary Systems. Also, the increase in fatalities

in 1977 is most evident in the change in fatalities on the [nterstate --again



the highway system most impacted by the 55 mph NMSL and consequently most
affected by increasing noncompliance.

These characteristics of the fatality distributions by highway system can
be matched ta similar behavior in the various speed measures.

Table 9 contains the distribution of average speed for the 50 States for
FY 1976-1979, In FY 1976, approximately two years after imposition of the
55 mph NMSL, 59% of the States had an average speed of less than 56.0 mph.
In FY 1977 40% of the States had an average speed of less than 56.0 mph,
For FY 1978, this percentage decreased to 30% of the States. For FY 1979,
the percentage increased to 54% of the States.

TABLE 9
Average Speed
Distribution of States
Range /Mph FY 1976 FY 1977 FY 1978 FY 1979
50.0-50.9 i 4 Fy 4 1; 4 0%
51.0-51.9 é 0 7 2
£2_0-52.9 6 4 4 o
Bieu=lc.s 1y ) 4 [
54,.0-54.9 10 10 6 14
55.0-55.9 i 18 14 2B
86.0-56.9 & 78 40 26
57.0=-57 .9 28 18 12 16
58 .0-58.49 ) 10 16 4
59.0-59.9 Z 4 2 0
60.0-60.9 0 ' 0 1] 0
61.0-61.9 1 1] 1] 1]
Percent of States
less than 56.0 mph 5o% 4a0% 0% 54%

These proportions were tested for year to year differences using the parametric
test (t test) for differences in proportions 18/ and compared to the normal
distribution critical value for 5% level of significance. There was a signifi-
cant difference in the proportion of States for FY 1976 vs. FY 1977. No

ather differences were significant.

Table 10 shows the distribution of 85th percentile speed for the States for
FY 1976-1979, In FY 1976, 44% of the States had 85th percentile speeds of
less than 61.0 mph. For FY 1977 this proportion of States was 34%, decreased
to 30% for FY 1978, and increased to 46% for FY 1979, These proportions

were also tested for year to year differences at 5% level of significance.
There was a significant difference between the proportion of States with

85th percentile speeds of less than 61.0 mph for FY 1978 vs. FY 1979. No
other differences were significant.
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TABLE 10
85th Percentile Speed

Distribution of States

Range Mph FY 1976 FY 1977 FY 1978 FY 1979
57 .0-57.9 2% 2% 2% 2%
58.0-58.9 12 2 0 2
59.0-59.9 12 18 20 18
60.0-60.9 18 12 12 24
61.0-61.9 16 28 20 28
62.0-62.9 20 12 24 14
63.0-63.9 | 18 12 4
64.0-64.9 4 Q 4 q
65.0-65.9 f f 4 2
66 .0-66.9 a s 0 Z
67.0-67.9 ] 1] 2 0
Percent of States

less than 61.0 mph a4% 4% 0% 46%

Table 11 shows the distribution of States for percent exceeding 55 mph for

FY 1976-1979. The proportion of States with 50% of the vehicles and above
exceading 55 mph was 64% in FY 1976, increased to 78X in FY 1977, to B4X

in FY 1978, and decreased to 70% in FY 1979. Therefors in FY 1977 and FY
1978, a larger number of States had compliance levels of 50% or lower. These
proportions were tested for year to year differences. The difference in

t:&e Elr;?purtiun's for FY 1978 vs. FY 1979 was significant at the 5% level of
51gn cance.

TABLE 11
Percent Exceeding 55 MPH*

Distribution of States

Range Mph FY 1976 FY 1977 FY 1978 FY 1979
Below 30% 4.0% 2.0% 0.0% 2.0%
J0-39% 8.0 4.0 B.0 6.0
40-49% 24.0 16.0 E.0 22.0
50-59% 24.0 38.0 38.0 an.0
60-69% 34.0 30.0 36.0 28.0
T0-79% 4.0 10.0 10.0 2.0
BO-89% 2.0 10.0 0.0 0.0

*Compiled from FHHA Speed Summaries
for the 50 State for FY 1976-79.



During 1976-1978, a large proportion of States experienced increases in their
average speed, B5th percentile speed, fatalities, and fatality rates. Table
12 shows those States with increases for 1976-1978 (fatality rate data not
available for 1979).

TABLE 12
1976 vs. 1978

Mo. of States with

Eﬁinge Increase [Decraase
Average Speed 4 32 14
A5th Percentile Speed 9 27 14
Fatalities 12 a2 A
Fatality Rates 8 24 18

From 1976-1978, 32 States' average speed increased, 27 States' 85th percentile
spead increased, 32 States' fatalities increased, and 24 States' fatality
rate increasc.

Tables 13A-13D show those States that experienced increases in average speed

and B5th percentile speed with ncreases in fatalities and fatality rates

for 1976-1978. In Table 13A, 21 S5tates experienced both an increase in their
average speed and an fncrease in fatalities. In Table 138, 17 States experienced
and increase in average spegd and the fatality rate. In Table 13C, 17 States

had increases in B5th percentile speed and fatalities. In Table 130, 15

States had increases in both B5th percentile speed and the fatality rate.

TABLE 13A
AVERAGE SPEED

F No

A Change Increase Necrease Total
T

A No Change 1] 8 4 12
L

1 Increase 3 21 g 32
T

| Decrease 1 3 s B
E

S Total a 32 14 50
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TABLE 13B

AVERAGE SPEED
No
Crange Increase Necrease Total
F
A
TR Ne Change 1 5 7 A
A A
LT Increase 1 17 b i
IE
T Decrease ? 1 A 18
Y
Total 4 32 14 50
TABLE 13C

B85TH PERCENTILE SPEED
F No
A Change Increase Necrease Total
T
A Me Change 2 7 3 12
L
I Increase 6 17 9 32
T
| Decrease 1 3 2 3
E
5 Total 9 27 14 S0

TABLE 13D
85TH PERCENTILE SPEED
N
Change Increase Decrease Total
F
A
TR Mo Chanoe 1 4 3 a
A A
LT Increase 3 15 f 24
IE
T Decrease g g 5 18
Y
Total g 27 14 80

In addition to a large proportion of States (32/50) experiencing an increase
fn the average speed, a large proportion nf States has alsn experienced an
increase in the percentage of vehicles exceeding 55 mph, f.e., a decrease

in the percent compliance. The average percent compliance was obtained hy
averaging the quarterly values for each State.

The ranoe and median of the averane speed distributions and the B5th percentile
speed distributions for FY 1976 - FY 1979 are shown below. The median of
average cspeed values increased in FY 1977 and FY 1978, decreased for FY 1079,

A similar result occurred with the BS5th percentile speed.
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TABLE 14
Ranges of Speed Measures (MPH)

FY 1976 FY 1977 FY 1978 FY 1979
Average Speed
Minimum 50.0 50.6 51.4 51.1
Meddan 55.9 56 .4 56 .6 5.8
Maximum 61.0 59.3 £9.7 5B.7
B5th Percentile Speed
Mimimum 57 .B 57 .2 57.7 57 .8
Median 61.5 1.7 6l1.8 6l.1
Maximum 65.9 66 .0 7.2 66.2

From these observations of the distributions of the speed measures for the
States it can be seen that the increases in averaage speed, percent exceeding
55 mph, and B85th percentile speeds were concurrent with increases in fatalities.

Table 15 shows the distrifutions of average percent compliance for FY 1974-
1979, The median of the distribution of the States' percent compliance de-
creased in FY 1975, increased in FY 1976, and decreased in FY 1977 and 1978.
However, it appears that more States are in the ranges of 30% to 49% compliance,
beginning with FY 1377, There appears to be a shift downward in compliance
levels as evidenced by the larger compliance intervals (50% compliance and
above) having fewer States.

TABLE 15
AVERAGE PERCENT COMPLIANCE
FY 1974-1979
Interval FY 1974% FY ]1975% FY 1976 FY 1977 FY 1978 FY 1979
Below 30% 7.3% 13.7% 6% BY 10% 2%
30-39% 26 .8 24.1 30 30 36 26
40-49% 17.0 28.0 2B 38 36 a0
S0-59% 2e.0 20.6 22 12 10 22
60-69% 17.0 £.8 10 8 [ 8
70-79% 7.3 3.4 4 2 2 2
"% and Above 2.6 3.4 0 0 ] a
Minimum 20% 18% 18% 23% 23% 28%
Median 49.5% 42.5% 45.5% 42% 41.5% 45%
Maximum 0% B2% 12% 77% 70% 72%

* fata from 40 States.
wkNata from 29 States,



Tables 16A and 16B show those States that experienced decreases in percent
compliance and increases in fatalities/fatality rates for 1976-1978B. Twenty-
two States that experienced a decrease in the compliance level (1.e., an
increase in the percent of vehicles exceeding 55 moh) also experienced an
increase in fatalities.

Seventeen States experienced a decrease in the compliance level and an increase
in the fatality rate 1976-1978. Therefore, the shift downward in the States'
compliance levels appears to be associated with increases in fatalities and
fatality rates.

TABLE 16A
% Compliance

F Ko
A Change Increase Decrease Total
T
A Mo
L  Change 0 4 B 12
I
T Increase 0 10 22 32
I
E Decrease 0 3 3 B
5

Total 0 17 33 50

TABLE 168
X Compliance
No
Change Increase Decrease Total

F
A No
TR Change 0 3 5 8
AA
LT Increase 0 7 17 24
I1E
T Decrease (1] 7 11 18
¥

Total - 0 17 13 50

CONCLLS J0mS

The analysis of the impact of the 55 mph NMSL has been conducted in three
phases. Initially, the global model was developed as a starting point to
assess the magnitude of the effect of the reduced speed limit during 1974-
1979. This pointed to the following conclusions:

] The introduction of safety improvements for the vehicle, driver
and the environment has been generally effective in maintaining
the level of fatalities, offsetting the expected increases due
to increased exposure (VMT),
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] The inftfal impact of the 55 mph NMSL was fairly constant for the
years 1974-13975,

] During the period 1976=-1979 there was sionificant upward growth
in fatalities, as compared to 1974-1975.

The second phase of the analysis was an fnvestigation of what factors contribut-
ed to the increase in fatalities in 1977-1978. This led to an analysis of
fatalities due to speeding involvement by posted speed limit roads. From

this analysis, adjiustments were made to the evaluation model estimates, to
account for the effect of noncompliance. The reconciliation of these factors
appears in Table 17.

TABLE 17
MODEL RECONCILIATION (1ives saved)
1974 1975 1976 1977 . 1978 1979
£5 mph NMSL 7,532 7,532 7,532 7,532 7,532 7,532
Noncomplfance with 55 -316 -738 -1,109 -1,078
Total lives saved due
to 55 mph RMSL 7,210 6,794 6,523 5,954

Based on the amalytic formulation on page 23, a 95Y ~r-~fidensp interval far

85 mph impact on monthly fatalities in 1974-1975 would yield (597,658).

The value 627.65 per month or an amnual 7,532 in Table 17 represents the

best estimate of the 55 mph NMSL impact on the reduction in fatalities.

It should be remembered that the adjustments made in phase [I and reflected

in Table 17 are the result aof the analysis of fatalities by speedina involvement
and posted speed limit from FARS.

The third phase consisted of analyzing the speed monitoring data to investigate
55 mph compliance over time. This analysis showed that:
0 Aetween 1977-1978 there was & shift downward in compliance levels
for the individual States.

] The average speed and the B5th percentile speed, after reachina
2 low in 1976 began to rise in 1977.

o From 1976-15978, 32 States' average speed increased.
1] From 1976-1978, 27 States' 85th percentile speed increased.

o From 1976-1978, 22 States experienced a decrease in compliance
level and an increase in fatalities.

The results of the phase three analysis appear to validate the model adjustments
derived in phase twa.
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In conclusion, the 55 mph NMSL i5 one of the most effective countermeasures
to have been used in reducing fatalfties. The effect of the 55 mph NMSL
on fatalities depends heavily upon the compliance level present on the Nation's

roads.
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